The gap between a general interest in materiality and thorough theoretical knowledge of things and materials is especially palpable in art theory and media studies, where images are still primarily regarded as essentially immaterial appearances, which are translated into material artefacts through manual or technical processes. 5 The traditional opposition between an immaterial and material side of images has been enforced in visual studies by infl uential critics such as James Elkins and William J. T. Mitchell, who have associated the immaterial with image and its materializations with picture. 6 While Gottfried Boehm and Hans Belting have argued that the German Bild overcomes this opposition, their concepts of, respectively, Ikonische Diff erenz (iconic diff erence) and Bild-Anthropologie (image anthropology) still situate the immaterial Bild (ideas, memories, concepts, etc.) prior to its materialization into actual artefacts, thereby incorporating the opposition, rather than resolving it. 7 The notion of an essential twofoldedness of the image -oscillating between representation and material -through relevant, seems to impede a theoretical study of materials because scholars tend to align the immaterial with theory, setting material aside as belonging to the realm of (non-theoretical) practice. 8 While hierarchic oppositions cannot be dissolved easily and an inversion of hierarchies only enforces dichotomies, they can -as Bruno Latour has suggested -be sidestepped. 9 In order to allow for a theoretical analysis of images as material, we can assume that images have no a-priori immaterial form, but only exist from the moment that they are in material. From a radical materialist position, it may even be argued that images assigned to the realm of the immaterial in the hylomorphic paradigm -ideas, fantasies, concepts, memories, dreams, visions etc. -have a material basis in our bodies and brains, diff erent than paper, charcoal, oil, celluloid or pixels maybe, but nonetheless material in essence.
10
But to leap beyond the image-picture divide and approach images as material entities only gets us half way, because not only the image, but also the digital has been persistently framed as immaterial. To pull artefacts which are both -digital and image -back into the domain of their material existence, takes twice the eff ort.
Tropes of immateriality have dominated popular and academic discourse since the 1990s, which presented new media as possessing new and amazing qualities, marked by a transformation of atoms into bits and of matter into mind.
11 Paradigmatic is a quote by Jean-François Lyotard from the catalogue to his exhibition Les immaterieaux (1985) : »A colour, a sound, a material, a pain or a star are coming to us as digits on numeric charts of great accuracy […] good old matter reaches us as something that has been dissolved into complicated formulae«. 12 The plural immaterials already hints at a materiality of the digital, yet it would take some time before it would be scrutinized by scholars like N. Katherine Hayles, Joanna Drucker or Matthew Kirschenbaum, whose ideas will be considered in more detail further down. The fi rst to criticize the supposed immateriality of digital images in particular were artists, curators and archivists. Being on the producing, conserving and collecting end of digital visual culture they were confronted with the vulnerable and complex nature of media artefacts. 13 Still, due to what one might call their ›double immaterial weight,‹ art and media theory continue to characterizes digital images as processual, nomadic, liquid, spectral, fl eeting, transient, ephemeral and so forth.
14 Though digital images certainly can be all of this, these characteristics should not be granted to an immaterial but a material existence, which is such that it aff ords these qualities but also many others, as the analysis of the Utah teapot will show. 
From Melitta to Utah
In 1974, Martin Newell, a young PhD researcher at the computer science department of the University of Utah, was looking for an object that would move emerging 3D computer graphics from spheres and cubes into the domain of recognizable, real-life things. It was not in the lab, but at home that he came across such an object, where his wife Sandra Newell suggested to use their newly acquired teapot. Because this teapot by the German brand Melitta was a relatively simple, convex object with interesting details such as spout, lid, and handle, it was ideal for the task. From the teapot, Newell developed the fi rst 3D CG object that was rendered as sculptured surface with Bezier curves, rather than as a set of polygons. 15 Together with James Blinn, Newell presented the fi rst application of texture mapping to the teapot in a lecture at one of the fi rst annual meetings of SIGGRAPH which is one of the most comprehensive studies on the topic.
cartoonish appearance, which it was going to keep. 19 Because the dataset for the pot was small and freely available, and because there where no comparable models available, it became the logical test bed for new rendering algorithms from various textures to shading and luminosity. 20 At the SIGGRAPH meetings, teapot rendering contests were held, demonstrating the state of the art in texture and refl ection rendering and aiming to fulfi l the promise of visual realism with the teapot as its grail. Today, endless variations of teapots swarm the Internet, golden or transparent, Lego or brick, with spikes or rendered from thousands of other teapots.
The rich iconography of the teapot initially rooted in the fact that it was one of the few interesting shapes to work with; as an insider summed up its attractions for the CG community: »It's instantly recognisable, it has complex topology, it self-shadows, there are hidden surface issues, it has both convex and concave surfaces […] It doesn't take much storage space.« 21 But the teapot acquired the status of icon because through these practical aspects, it embodied the young history of graphics. To use the teapot was to keep creating and adding to this history, as well as demonstrating personal affi nity with the fi eld. It is an anthropological constant that people form attachments with things by decorating them and computer scientists have decorated the teapot quite literally with new textures all the time. As CG grew into a commercially available medium, the teapot became one of the fi rst Easter eggs of visual digital culture, appearing in rendering software like 3D Studio Max alongside standard cubes and spheres or in the Windows screensaver Tubes, if one only kept looking long enough. 23 Pixar, founded in the early 1980's by Ed Catmull, a fellow PhD student of Newell at Utah 24 , eventually turned the teapot into an analogue gadget. Since 2003, Pixar issues a small plastic teapot at every SIGGRAPH conference to promote their rendering software Renderman and their most recent animated movie. 25 The tangible manifestation of the icon is a much sought for collectible at the conferences. Afi cionados have walked the line queuing up of the teapot with a camera in hand, which took four whole minutes at Siggraph 2010. 26 The popularization has not prevented the teapot from remaining a serious scientifi c object, as it appeared together with the fi ve Platonic Solids on the ACM communications cover of a special issue on scientifi c visualizations and the Utah computer science department has a newsletter called »the teapot«. 27 The Melitta teapot is also cherished in material culture and design history for its unmistakable 1950's charm and the advancement of effi cient and functional design. As such it is archived at the collections of the Deutsches Historisches Museum in Berlin and the Museum der Dinge/Werkbundarchiv in Berlin. 28 Given this other history, Martin and Sandra Newell's choice in 1974 was certainly not arbitrary but directed by the distinct appearance of the object in question, and today it is hard to say whether the originals are collector's items because they are German design-icons or American CG-icons, or both.
Together with its aptness as a graphics model and its design status, one also has to take into account the teapot's broader cultural connotations in order to explain ZMK 1/2012 its success. In the white, male, and mostly bearded scientifi c community that produced the fi rst computer graphics in the 1970's, it was an object not from the lab but from the home, a diff erent, yet familiar thing, blending the effi ciency of mathematics with the cosiness of a warm cup of tea. The teapot thus crossed boundaries between genders and cultures, but also between art and science, as it served to develop and express visual creativity in a scientifi c environment, or joined the left and right side of the brain, as James Blinn once put it. 29 Other standard graphic models were developed later on, more complicated in structure and form, like for instance the Stanford Bunny and Buddha at the Stanford Department for Computer Science.
30 But none of these were able to establish an iconographical tradition like that of the teapot. In fact, the teapot is one of those rare motifs completely congruent with Erwin Panofsky's theory of disguised symbolism, that he developed to explain the shift from a symbolic to a realist visual language in early Netherlandish painting shortly after 1400: the seemingly everyday objects in the paintings by Jan van Eyck and his contemporaries, Panofsky contended, were richly laden with symbolic content, obvious to the devout contemporary who contemplated the religious scenes depicted, but hidden to the eyes of the modern viewer. 31 In the fi rst feature length computer animation by Pixar, toy story (USA 1995, John Lasseter), the Utah teapot appears in a scene where the little sister of the horrible neighbour boy plays tea party with Buzz Lightyear and her dolls. To the ignorant viewer, it blends in naturally with the computer generated environment. The CG connoisseur however will recognize it as selfreferential hint to the origins of the medium, serving its makers to situate themselves in a distinct technical, scientifi c, and cultural tradition.
Clearly, the Utah teapot acquired its prominent position in scientifi c as well as popular culture due to the manifold attractions of the thing it originated from. But what kind of object is this teapot exactly, from which no tea can be poured and that unfolds itself in such an astonishing variety of appearances and contexts? 
The Materials of the Utah Teapot
Object-theories usually locate agency in the interaction between humans and things that already exist.
32 What tends to drift out of view in this approach is the making of things from material, as it is here where the life of things and, we might add, the life of images, really starts.
33 Therefore, the teapot is approached here as an image and object that possesses a surface and a material depth or thickness. 34 This depth, which constitutes the objecthood of the image, holds the skilled procedures and complex interactions between makers, materials, tools and technologies involved in the teapot's production. To fathom these depths, I attempt what Karin Knorr Cetina and Klaus Amman have called »image-dissection« in a ground-breaking article on the interpretation of scientifi c images. 35 Coming from the social sciences, Knorr Cetina and Klaus Amman did not share in the legacy of the material/immaterial divide in the humanities and propose to approach images like scientists do their objects in the laboratory. Image-dissection »involves pursuing the threads that lead from bits and pieces of the surface of the display to developments and occurrences underneath« 36 and allows us to get inside the image, in our case to lift the lid off the teapot. Though the idea of depth and dissection suggests a body with a physical structure, the distinct but not separate material layers that can be encountered in the following image-dissection are not neatly organized in an anatomical or topographical manner, if there is an order at all, its mostly temporal.
Code
Code is generally considered the basis for CG. Digital images are often characterized as consisting of just code, of algorithms or ones and zeros. This existence in numbers is often contrasted with the representational aspect of images in popular descriptions but also in academic analysis. Vilèm Flusser in his early theorization of digital images, created a strong opposition between traditional and technoimages, attesting the latter opacity because technical processes and code fall out- side human understanding »they are out of reach for hands, eyes, and fi ngers«. 37 Also Lev Manovich opposed representation and code in the structure of computer images, relating the fi rst to human culture, the latter to the machine. 38 The artifi cial separation turns code into something abstract, existing outside of human experience in the machine, where it leads an independent, immaterial life. Johanna Drucker has argued against such an »imagined ideality of code« and for a »real materiality of code«. 39 She described the material translation of code into image, (involving human action), as graphesis as opposed to mathesis, (the process of calculating code), which either should not be idealized as a pure machine activity. In fact, code is the result of the human-machine interaction of programming, which again can only take place after a framework for a programme has been written. Drucker's argument is reminiscent of one by Bruno Latour, who stated that technical visualization processes are far too often granted to the scientifi c mind and apparatus alone while the role of hands and eyes are ignored (as Flusser indeed did). 40 Recently, also researchers from within the fi eld have started to emphasise the highly material aspects of their work and speak of programming as craft, fi rmly rooting it in material activity. 41 The dataset of the teapot therefore is not the image nor a genetic blue-print from which a machine generates an image all by itself. As the result of a code, which was obtained through calculation, it is part of a complex series of events, which eventually leads to an image.
Making
In the beginning however, Martin Newell had to draw the teapot on paper. He then plotted a number of dots to describe the diff erent parts of the pot. So before there was code, there was direct engagement with analogue materials. This kind of engagement is diffi cult to study. If we are not there to witness it ourselves, we have to rely on visual or verbal descriptions, which are often anecdotic in nature, or strike us as such, because they are so straightforward. 42 For many computer scientists research starts by fi nding the right objects and materials at home, outside or in DIY stores, by observing how they are visually and physically composed, and fi nding ways to record their make-up. 43 Many texture, shading and illumination algorithms are preceded by such tinkering with the analogue. In 1998, Russ Fish, like Newell a researcher at the Utah CS department, wanted to render the inside and the bottom of the teapot, which Newell had famously omitted. Searching for an image that would demonstrate his eff ort in an eff ective manner, he came across a cleaver in his kitchen (again), which inspired him to hack the teapot in two. In order to obtain its form, he pasted the cleaver onto his screen and drew its outlines directly into the computer. 44 This rather comical encounter of analogue and digital practices demonstrates the continuum rather than the opposition of these domains lets us acknowledge computer graphics as artefacts and products of craft, into which tool use and authorship are inscribed. 45 Fish's teapot hacked in two is a literally graphic example of the inscription of making into the digital image.
In-Material
Another very straightforward material aspect of computer graphics and all other digital images for that matter, is the necessity to be in-material. The term, coined by Mirko Tobias Schäfer to describe the properties and aff ordances of software 46 , is to be taken very literally because in order to be there and in order to be seen, a computer graphics image needs hardware equipped with a monitor, screen or projection device. In other words, it has to be in another material. N. Katherine Hayles has described the relation between soft-and hardware with the wonderful Oreo cookie metaphor: the digital as the white frothy substance which holds together or 42 Lehmann: Showing Making (as note 33). 43 For our research on light diff usion and refl ection of leaves, we started looking for trees that resembled the drawings by Leonardo and could be taken into the lab, ending up with three small fi ci benjamini in diff erent shades of green, see Ann-Sophie Lehmann, Silvia C. Pont and Jan- is kept in place by the dark brown crunchy cookie disks on top and bottom. 47 That these layers interact and that the workings of software leave very material traces in hardware, has been demonstrated and described by Matthew Kirschenbaum as the »forensic materiality« 48 of the digital. The idea of forensic materiality unhinges one of the most dominant presumptions about software and other digital artefacts: their endless multiplication in absolute similarity. Also the pixel, the smallest picture-element is part of CG being in-material, as it constitutes the image's appearance on the screen. 3D CG, however, are not just pixels (just like they are not just code). Pixels are constrained to two dimensions and 3D CG appear as pixels on a screen as a result of material translation achieved through frame-buff ering. 49 To study how exactly the Utah teapot is in-material means to include all the steps taken from rendering to displaying, not to forget additional layers of metadata and watermarks, which become accessible when the object is viewed in diff erent programmes. 50 
All-Material
A fourth layer of materiality is present in the various rendered material properties of the teapots. A central task of the computer graphics communities, as has already been mentioned, is the simulation of real world materials. 51 In order to do so, computer scientists need to fi rst understand the characteristics of these materials and then develop algorithms that describe them. The teapot in Fig. 1 was rendered by Hendrik Wann Jensen and simulates the semi-translucency of materials like marble, milk, and human skin, which had posed great diffi culties until then. Wann Jensen's Bidirectional Scattering Surface Refl ectance Distribution Function constituted a watershed moment for CG as it gave realistic skin to synthetic human actors such as Gollum 52 and like many before him, Wann Jensen poured his algorithm also in the teapot. This teapot therefore may be considered an epistemic image, because it incorporates knowledge about the physical makeup
of a material, contributing to a better understanding of the visual world. In fact, the ACM conference proceedings in the fi eld of CG read like an unsorted encyclopaedia of the visual-material properties of nearly everything, from specifi c bird's feathers, silk textiles, wet hair, damaged car-lacquer, Chinese ink brush strokes, to corroded bronze or the fuzzy surface of leaves. Every material detail calls for an individual rendering algorithm and as the material world is endless in its complexity, the goal to eventually render it all, remains unachievable. The result are models which are almost but never yet quite like the thing they simulate, a principle Lev Manovich described early on as synthetic realism. 53 Of course, computer graphics diff er from the materials they know so much about: while the latter is always and only this specifi c material, CG generalizes its characteristics and can apply them anywhere, like the semi-translucency of skin to a teapot. Moreover, computer graphics can simulate situations which have not occurred yet, expanding material life into the future. Matthew Kirschenbaum defi nes this quality as a neighbouring principle to forensic materiality and calls it the »formal materiality« 54 of the digital. From the formal materiality a more specifi c material characteristic of graphics arises, which could be described as polytrophic. This property places 3D computer graphics in one line with oil paint, wax, glass, and plastic. All these materials are related through the aff ordance to mimic other materials, a property often neglected precisely because it tends to eff ace itself. Wax has been described as the ultimate material of similarity, due to its wilful malleability. 55 But apart from plasticity, imitation is also aff orded by a certain degree of transparency. A wellknown example are the extremely realistic artefacts by the Dresden glass makers Leopold and Rudolf Blaschka. The Blaschka's knowledge of crafting glass enabled them to construct scientifi c models of animals, like for instance jellyfi sh, which had evaded mimetic representation due to their transparency. 56 Less poetic than wax and glass, plastic -making plasticity proverbial -has rather been criticized for its imitative potential. 57 In its beginnings, CG was often compared to plastic to pinpoint the lingering artifi ciality of rendered materials. 58 Today, digital mate-rial supersedes the properties of wax, glass and plastic as the ultimate mimetic material for scientifi c and other models; it has literally become all-material.
Trans-Material
The last material level results from re-translations back into analogue material, which has happened a lot in the case of the teapot. There are for instance wooden teapots carved with CAD 59 and a latte teapot sprayed with caramel food coloring on top of a cappuccino. 60 The most stunning re-materialization of the Utah teapot known to me has been produced by the Japanese computer scientist and designer Tomohiro Tachi, who folded an Origami teapot from one sheet of paper for the teapot exhibit at SIGGRAPH 2006. 61 The intricate folding pattern for the paper teapot can only be calculated using the digital model. Tachi's work, apart from being delicate and beautiful, shows that the digital and the analogue model cannot exist without each other. Though the term transmaterial has been coined to describe tangible materials, which are newly engineered, include digital elements or expand familiar material properties, it can also be used to describe the relation between the digital and analogue, as the craft of coding is paired with the craft of folding, carving, cutting or painting.
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To sum up, a dissection of the teapot yields at least fi ve material layers, from the making that leads to its encoding, to the material reality of the code itself, the CG object being in-material, the simulation of diverse material qualities and therefore being all-materials, and fi nally, its re-translation into the analogue. All these properties have fuelled the playful iconography of the teapot and show that the material status of digital artefacts cannot be defi ned in opposition to analogue ones, but only through expanding traditional concepts of materiality to include the specifi city of digital materials. What is pouring from the teapot then is the material world of computer graphics. This world is refl ected upon in another Pixar animation. Wall-e (USA 2008, Andrew Stanton) tells the story of a small waste robot, designed to clean up the trash of a civilization that has long left the polluted planet. Having performed his task of pressing garbage into cubic packages and stacking them skyscraper high for many years, has turned the little robot into a collector. Wall-e, a thing himself of course, takes things that strike him as interesting home to his container that he has turned into a kind of archive of human stuff , a museum of everyday culture, in which he is curator and creative recycler. 64 He creates mobile from old CD's, stores a videotape in a toaster and mounts a magnifying screen for an i-pod between the extendable arm of a 1950's desk lamp and an umbrella. Wall-e's aff ection for material culture mirrors the work of the computer graphics community: to be able to render all materials, to collect them, to understand them, to simulate their aging and weathering, to reconstruct and recombine them. The Utah teapot lies at the bottom of this endeavour. Like the generic pot made of clay that Ted Nelson once presented as antipode to computer artefacts, it has produced whole cultures.
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